A thiocyanate ion selective poly(aniline) solid contact electrode based on manganese complex of N,N'-bis-(4-phenylazosalicylidene)-o-phenylene diamine ionophore was successfully developed. The electrode exhibits a good linear response of 58.1 mV/decade (at 20˚C ± 0.2˚C, r 2 = 0.998) with in the concentration range of 1 × 10 -1.0 ~ 1 × 10 -5.8 M thiocyanate solution. The composition of this electrode was: ionophore 0.040, polyvinylchloride 0.300, dibutylphthalate 0.660 (mass). This dibutylphthalate plasticizer provides the best response characteristics. The electrode shows good selectivity for thiocyanate ion in comparison with any other anions and is suitable for use with aqueous solutions of pH 4.0 ~ 6.0. The standard deviations of the measured emf difference were ±1.70 and ±2.01 mV for thiocyanate sample solutions of 1.0 × 10 -2 M and 1.0 × 10 -3 M, respectively. The stabilization time was less than 170 sec. and response time was less than 17 sec.
Introduction
The thiocyanate ion is usually present in low concentrations in human serum, saliva, and urine as a result of the digestion of some vegetables of the genus Brassica containing glucosinolates (cabbage, turnip, kale) or by intake of thiocyanate-containing foods such as milk and cheese. Higher concentration of this ion, which is a metabolic product of cyanide, arises from tobacco smoke [1, 2] . In this respect, the concentration level of thiocyanate is considered to be a good probe to distinguish between smokers and non-smokers. It has been found that there is a correlation among the blood cyanide, the plasma thiocyanate, and the salivary thiocyanate [3] . Therefore, an accurate, simple, and rapid method for the determination of thiocyanate is significant in medicine and in the life sciences [4] . Several methods for the determination of thiocyanate ion such as spectrophotometry [5] [6] [7] [8] [9] , chromatography [10] [11] [12] [13] [14] [15] , polarography [16] , capillary zone electrophoresis [17] , amperometry [18] , potentiometric methods [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] etc., have been reported previously. Among the various methods, the thiocyanate ion selective electrodes (ISEs) are useful since it provides high sensitivity and a wide dynamic range. Especially, solid contact type electrode (SCEs) have a electro-conductive polymer layer, such as poly(aniline), to conduct ions and electrons, and which are reported to strengthen the bonds between metal substrates and reaction membranes and to have stable and highly selective electrodes as they move electrons to the metal substrate and the ions to the outer PVC layer that provides new advantages. Simplicity of design, lower costs, mechanical flexibility and the possibility of miniaturization and micro-fabrication have widened the applications for these type electrodes, especially in the fields of medicine and biotechnology.
In this work, we report the anion response behavior of manganese chelate of a new Schiff base, N,N'-bis-(4-phenylazosalicylidene)-o-phenylene diamine. The results show that the Mn(II) chelate-based electrodes demonstrate a highly specific response towards thiocyanate ion. This paper describes the construction, potentiometric characterization, and analytical application of a thiocyanate ion selective poly(aniline) solid contact electrode based on the use of a manganese chelated N,N'-bis-(4-phenylazo salicylidene)-o-phenylene diamine ionophore.
Experimental

Reagents
Aniline and tetrahydrofuran (THF) from Aldrich were purified by vacuum distillation. salicylaldehyde, ethylene diamine and manganese acetate (Mn(OAc) 2 ) from Aldrich was used without further purification. For all experiments, analytical grade chemicals were used and all aqueous solutions were prepared in doubly distilled water obtained from a Millipore Milli-Q water purification system. The membrane matrix high molecular weight poly(vinylchloride) (PVC, n = 1,100), the plasticizers 2-nitrophenyloctylether (o-NPOE), tris(ethylhexyl)phosphate (TEHP), bis(2-ethylhexyl)adipate (DOA), dioctylphthalate (DOP), bis(2-ethylhexyl)sebacate (DOS), dibutylphthalate (DBP) were from Aldrich.
Synthesis of N,N'-Bis-(4-Phenylazosalicylidene)-O-Phenylene Diamine (Mn-PASPD) Ionophore
To a solution of 4.43 mL of freshly distilled aniline (0.05 mol) in 18.0 mL of concentrated hydrochloride and 20.0 mL of water, was added 4.00 g of sodium nitrite (0.10 mol) in 20 mL of water, the reaction was carried out for 1 h. below 5˚C. The reaction mixture was then added to a solution of 18.0 g of sodium carbonate (0.17 mol) and 5.24 mL of salicylaldehyde in 150 mL of water, the reaction temperature was remained within 0˚C ~ 5˚C. The yellow precipitate was filtered off after 1 h. and recrystallized from ethanol. The above product (2.26 g, 0.01 mol) refuxed with ethylene diamine (0.30 g, 5.0 mmol) in 50 mL of absolute alcohol for 2 h. with stirring to give a golden yellow solid which was purified by recrystallization from alcohol. Melting point is about 225˚C. 5.0 mmol of this product was mixed with Mn(OAc) 2 (5.5 mmol) in absolute ethanol. The reaction mixture was refluxed for 2 h. After cooled to the room temperature and stand overnight, the manganese chelates obtained were filtered, washed with absolute alcohol and dried in vacuum. Melting point of this final product is about 345˚C.
Polymerization
Electrochemical experiments were performed in a conventional cell with three electrodes. A saturated calomel electrode was used as the reference electrode and all potentials were recorded and reported with respect to this electrode. Platinum wires (1 mm in diameter, 50 mm in length) were used as the working and counter electrodes. Electro-polymerization was carried out at the one end of a platinum wire by cyclic voltammetry in 3.0 × 10 -2 M aniline and 6.0 × 10 -2 M HCl solution. Cyclic voltammograms were recorded using a potentiostat (EG & G 273A). For electrochemical polymerization of aniline, the potential was swept between 0.0 V and 1.0 V at a scan rate of 100 mV/s. The potential cycling was repeated up to 30 cycles and stopped at 1.0 V. After electrodeposition, the poly(aniline) was washed with distilled water and then dried for 24 h. in an 80˚C oven. Then the metal part of the Pt-poly(aniline) electrode was covered with a thermo-contractive insulation tube.
Preparation of Cocktail Solutions and Fabrication of Solid Contact Electrode
Typical cocktail solution consists of ionophore 2.0% -5.0% : PVC 30.0% : plasticizer 65.0% -68.0%. All components were dissolved in THF. The solid contact electrodes were produced by dipping the Pt-poly(aniline) electrode directly into the cocktail solution to coat it with a thin film. The resulting solid contact electrode contains three layers of Pt/electro-conductive polymer/PVC film with an ionophore with a thickness of 2.5 ± 0.1 mm.
Measurements of Stabilization Time and Response Time
The stabilization time was obtained as follows. First, the dry electrode was deposited in a 1.0 × 10 -3 M pH 5.5 Tris buffer NaSCN solution. Then the time until the potential stabilized to lower than ±0.1 mV/min was measured. The response time was obtained as follows. After the potential of the electrode had stabilized, 10.00 mL of 1.0 × 10 -2 M NaSCN -pH 5.5 Tris buffer solution was added to the 1.0 × 10 -3 M pH 5.5 tris buffer NaSCN solution while they were vigorously stirred. Then the time until the potential stabilized to lower than ±0.1 mV/min was measured.
Standard Thiocyanate Sample Solution
A stock solution of NaSCN (1.0 × 10 -1 M) was prepared using pH 5. 
Selectivity of the Developed Sensors
The thiocyanate sensor was immersed in the 1.0 × 10 
For six solid contact electrodes with different plasticizers based on Mn-PASPD ionophore (Figure 1) , there was no tendency in the dynamic range and response slope as dielectric constant of plasticizers was increased ( Table  1) . The electrodes based on Mn-PASPD ionophore where E 1 is the potential measured in 1.0 × 10 -3.0 M NaSCN, E 2 the potential measured in 1.0 × 10 -3.0 M of the interfering compound, z is the charges of interfering species X respectively, and S is slope of the electrode calibration plot. The selectivity factors for solid contact electrodes based on Mn-PASPD ionophore with DBP and DOP plasticizers, as determined with the separate solution method, are represented in Figure 3 . Solid contact electrode containing DBP plasticizer was by far most selective towards thiocyanate ion in the presence of various anions. It showed low interference from 2 4 CrO  , I
-, , , 3 and almost no interference from the rest of anions in concentrations 100 -10,000 times higher than thiocyanate ion. Solid contact electrode containing DOP plasticizer was also selective in the presence of various anions. It showed low interference from , , I -, , 3 , S 2-, 2 4 ClO
SO  and almost no interference from the rest of anions present in concentrations 100 -10,000 times higher than thiocyanate ion. But this result shows that the selectivity of solid contact electrode based on DBP plasticizer is better than that with DOP.
However, as it shown Table 2 , the other characteristics of the electrode based on DBP plasticizer are similar to those of DOP. For the solid contact electrode based on Mn-PASPD ionophore, the stabilization time of emf was measured in 1.0 × 10 -3 M thiocyanate in pH 5.5 Tris buffered solution. First 10 seconds, the measured emf value increased rapidly, and after about 170 seconds, it stabilized the change of the emf being under 0.1 mV. So, before using this electrode, we had to condition all electrodes in distilled water or 1.0 × 10 -3 M pH 5.5 Tris buffered thiocyanate standard solution for at least 5 min (Figure 4) . The preferential response towards thiocyanate is believed to be associated with the coordination of thiocyanate with the central metal of the carriers. In order to investigate the interactions between thiocyanate ions and the central metals, UV/vis spectra of the chloroform solutions containing the carriers are compared with that of the same solutions treated with 0.1 M NaSCN solution for 2 h (Figure 7) . In spectra of Mn-PASPD, show a max. absorption band at 354 nm in the chloroform solutions containing the carriers, while the spectrum of Mn-PASPD with addition of NaSCN absorbs at 365 nm. This wavelength shift in the UV/vis spectra, and calculated molar absorptivity were 2.42/mol and 1.81/mol, respectively. Obvious changes are observed in UV/vis spectra of the chloroform solution containing Mn-PASPD after treated with 0.1 M NaSCN solution, it can be due to the unique interactions between the central metal manganese in Mn-PASPD and thiocyanate ion.
As it is to be expected from the selectivity data given above, there is no interference from electrolytes in artificial serum in the physiologically relevant various ions. (Figure 8 ) In artificial serum, their Nernstian slope of these electrodes showed 57.9 mV/decade (20˚C ± 0.5˚C) but their dynamic range of these electrodes showed minor decrease to ~ 1.0 × 10 -5.1 M. Measured results in artificial serum are the almost same values as the one's which were measured in acetate buffered (57.9 mV/ decade of Nernstian slope, ~1 × 10 -5.8 M of dynamic range) and tris buffered thiocyanide sample solution. The result of decreasing Nernstian slope is considered to be the lower interference affect of inorganic cations as like Ca 2+ or Mg 2+ . Thus it doesn't seem to be affected by abundant interference ions existing in human whole blood.
Solid contact electrode continuously contacted with Tris 5.5 buffered thiocyanate solutions and distilled water for one month did not lose its performance. Also, these electrodes, dried daily after daily measurements in the Tris buffered thiocyanate solution, maintained a stable electrode potential for more than 6 months. Therefore it seems that the electrodes can be used for over 6 months.
Conclusions
A highly selective electrode for thiocyanate ion based on Mn-PASPD as an excellent ionophore is described. The poly(aniline) solid contact electrode based on Mn-PASPD ionophore may provide an alternative for the direct determination of thiocyanate. This electrode and ionophore are very easy to prepare, show high selectivity and sensitivity, wide dynamic range, low detection limit and very fast response time. These properties make this electrode suitable for measuring the concentration of thiocyanate in a wide variety of samples without the need for preconcentration or pre-treatment steps, and without significant interferences from other anionic species present in the sample.
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